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ABSTRACT

INTRODUCTION: Studies published to date have suggested non-inferiority of robotic-
assisted radical cystectomy (RARC) compared to open radical cystectomy (ORC), while few
centers in Canada have adopted this approach. Though multifactorial, the learning curve and
operative time are often discussed barriers. Herein, we present outcomes from the largest
Canadian cohort of RARC performed to date.

METHODS: We conducted a retrospective chart review of all patients undergoing RARC
by a single surgeon with greater than 1500 robot-assisted radical prostatectomy (RARP)
experience at our institution from May 2020 to December 202 1. Clinicopathological, intrao-
perative, and postoperative data, as well as complications in the first 90 days, were collected.
Regression analysis was used to determine the relationship between case volume and opera-
tive time/lymph node yield.

RESULTS: A total of 3| patients underwent RARC during the study period, 26 of which
were male. The median length of stay was six days (Q1-Q3 5-10), while days alive and out
of hospital at 90 days were 83 days (Q[-Q3 80-85). Soft tissue margins were positive in
9.6% (3/31) of patients. Median lymph node yield was 7.0 lymph nodes (Q1-Q3 | 1-23).
Median operative time was 24| minutes (Q1-Q3 228-252) in the ileal conduit group and 320
minutes (Q1-Q3 302-337) in the neobladder group. We observed four Clavien-Dindo grade
>3_complications. The 90-day readmission rate and mortality rate were 17.2% (5) and 0%
(0), respectively. There was no correlation between case volume and any outcome variables.

CONCLUSIONS: Previous high-volume experience performing RARP reduces the learn-
ing curve for performing RARC, with similar short-term outcomes to high-volume centers.
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INTRODUCTION

Bladder cancer is projected to be
the fifth most common malignancy
in Canadians in 2022, with approxi-
mately 13 000 cases diagnosed
annually. Of those, 25% are muscle-
invasive, with a 40% five-year mortal-
ity rate.! Radical cystectomy is con-
sidered the gold-standard treatment
of muscle-invasive bladder cancer.*?
As minimally invasive surgery has
become incorporated into multiple
aspects of urology, laparoscopic
and robotic-assisted approaches
have been explored in this setting.
Laparoscopic radical cystectomy was
first described in the early 2000s
but adoption of the approach was
initially limited due to the technical
challenges of the procedure, operat-
ing time, and a steep learning curve.

To date, randomized controlled
trials comparing open radical cyst-
ectomy (ORC) to robotic-assisted
radical cystectomy (RARC) have
provided evidence to support non-
inferiority.*> Studies available in the
literature for RARC have reported
a mean operative time ranging from
252-456 minutes, estimated blood
loss (EBL) of 200-585 mL, lymph
node count of 931, positive surgical
margin rate of 0—15%, and a compli-
cation rate 25-67%. None of these
studies have included patients from
any Canadian centers.

The learning curve has been
infrequently reported on to date.
Pruthi and colleagues reported on
their first 50 RARCs, showing an
improvement in EBL and operative
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time that appeared to plateau after the first 30 cases.’
Using consecutive patients from |4 different institu-
tions, it was shown that 2| cases were required to
reach an operative time less than 390 minutes, and 30
cases for a lymph node count of 20, as well as a posi-
tive surgical margin rate less than 5%. Of those who
participated in the study, prior robot-assisted radical
prostatectomy (RARP) experience was variable, ranging
from less than 50 to greater than 150 cases.'” Guru and
colleagues performed 100 consecutive RARCs show-
ing only a minimal improvement in operative time but
improved lymph node yield and fewer positive surgical
margins with increased experience.'' Depending on the
outcome variable assessed, it appears that there is a
different leaming curve for each portion of the proced-
ure.'? In this retrospective cohort study, our objective
was to evaluate the outcomes of the first 31 RARCs
at our high-volume robotic center.

METHODS
We performed a retrospective chart review of the first
31 RARC:s performed using the DaVinci Xi platform (©
2023 Intuitive Surgical. All rights reserved) at our center
by a single surgeon with more than 500 RARP case
experience. Consecutive patients referred to our center
and elected for surgical management were included in
the study. Selection of urinary diversion, as well as intra-
or extracorporeal creation was determined at the discre-
tion of the surgeon. In men, the prostate and seminal
vesicles were taken in addition to the bladder, while in
women, the ovaries, uterus, anterior vagina, and uterus
were removed. All patients underwent an extended pel-
vic lymph node dissection (common iliac, extemal iliac,
intermal iliac and obturator). Preoperative bowel prepara-
tion was not used, and patients did not receive alvimo-
pan, as it is not available in Canada. All patients received
28 days of venous thromboembolism prophylaxis in the
postoperative period. The study was exempted by the
institutional research ethics board at our center.
Patients had routine followup within two weeks of
hospital discharge and at six weeks postoperative to
review final pathology. Thereafter, followup was at the
discretion of the surgeon. Variables up to 90 days pos-
toperatively were collected for all patients. The covari-
ates collected included patient demographics, clinico-
pathologic data, and perioperative and postoperative
outcomes. Operative time was measured from initial
skin incision to skin closing, including docking of the
robot. Surgical complications were reported using the
Clavien-Dindo classification system.> Descriptive statis-
tics were reported as medians and interquartile ranges

(Q1-Q3). Dichotomous variables were reported as
proportions. Linear regression analysis was used to
assess the relationship between case volume and oper-
ative time or lymph node yield. Statistical analysis was
conducted in RStudio 2020 (PBC, Boston, MA, US.).

RESULTS

Between May 2020 and December 2021, a total of 31
patients underwent RARC and were included in our
study, none of which had received prior radiotherapy
(Table 1). All cystectomies performed by our surgeon
during this time were robotic-assisted. Most patients
were male (26/31), under the age of 70 (median 67,
QI1-Q3 59-72), of normal body mass index (median
25.7, Q1-Q3 23-29), and functional capacity (Eastern
Cooperative Oncology Group [ECOG] 0; n=20/31).

Table 1. Baseline demographics

Male (%, n) 83% (26)
Age (years, median [Q1-03]) 67 [59-72]
BMI (kg/m?, median [Q1-Q3]) 25.7 [23-29]
GFR <30 mL/min (%, n) 3.2% (1)
ECOG status (%, n)

0 64.5% (20)

1 32.2% (10)

2] 3.2% (1)
ASA class

<? 3.2% (1)

3 67.7% (21)

24 29.0% (9)
(linical stage (%, n)

as 6.5% (2)

Ta 3.2% (1)

T 19.4% (6)

T2 48.4% (15)

13 16.1 %(5)

T4 3.2% (1)

Metastatic 3.2% (1)
Neoadjuvant chemotherapy (%, n) 48.3% (15)

ASA: American Society of Anesthesia BMI: body mass index; ECOG:
Eastern Cooperative Oncology Group; GFR: glomerular filtration rate;
Q1: first quartile; Q3: third quartile.
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Table 2. Operative, perioperative, and oncological
outcomes

Estimated blood loss (mL, median [Q1-Q3])

300 [150-350]

Transfusion rate (%, n) 12.9% (4)
Diversion (%, n)
Ileal conduit 80.6% (25)
Neoblodder 19.3% (6)
Complications (%, n) 45% (14)
(lavien-Dindo <3 32.2% (10)
(lavien-Dindo =3 12.9% (4)

Operative time (minutes, median [Q1-Q3])

Ileal conduit 241 [228-252]

Neoblodder 320.5 [302-337]
Positive soft tissue margins (%, n) 9.6% (3)

Final pathology (%, n)

10 6.5% (2)

as 9.7% (3)

Ta 6.5% (2)

Tl 16.1% (5)

12 19.3% (6)

13 29.0% (9)

T4 12.9% (4)
Lymph node yield (median [Q1-Q3]) 17.0 [11-23]
Days till flatus (median [Q1-Q3]) 3.0 [2-4]
Length of stay (days, median [Q1-03]) 6 [5-10]

Days alive and out of hospital at 90 days (days, | 83.0 [80-85]

median [Q1-Q3])

Q1: first quartile; Q3: third quartile.

American Society of Anesthesia (ASA) class was greater
than or equal to four in 9/31 patients, with a median
of three. Seven patients had a prior history of abdom-
inal surgery, while 15/31 patients received neoadjuvant
chemotherapy. Most operations were for muscle-inva-
sive disease (21/31), while 29.0% (9/31) were performed
for high-grade non-muscle-invasive disease or carcinoma
in situ (CIS) in which previous intravesical therapy failed.
A single palliative cystectomy for intractable hematuria
in a metastatic patient with a profound response to
systemic chemotherapy was included.

Perioperative outcomes are listed in Table 2. A total
of 25/31 patients underwent an incontinent urinary
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Figure 1. Linear regression assessing correlation between operative time with case volume
for the ileal conduit cohort (red; R%=0.2, p=0.02) and for the neobladder cohort (blue;
R?=0.002, p=0.94).
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Figure 2. Waterfall plot of length of stay in hospital for each individual pafient.
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Figure 3. Linear regression assessing correlation between lymph node yield and case
volume (R%=0.054, p=0.10).

diversion. Median operative time for patients under-
going an ileal conduit was 241.0 (Q1-Q3 228-252)
minutes in comparison to 320.5 (Q1-Q3 302-337)
minutes for those undergoing a neobladder urinary
diversion. All neobladders (6/6) and 4% (1/25) of con-
duits were performed intracorporeally. Linear regres-
sion showed an increase in operative time with increas-
ing case volume for ileal conduits (p=0.02) (Figure 1).

In this cohort, no intraoperative complications, con-
versions to open surgery, or postoperative admission
to the ICU occurred. The median length of stay was six
days (Q1-Q3 5-10) (Figure 2). Postoperative compli-
cations were observed in [4/31 (45%) patients, four of
which (12.9%) were Clavien-Dindo grade =3 complica-
tions. Four patients required transfusions, two of which
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were conducted intraoperatively due to low baseline
hemoglobin, and two were performed postoperatively.
The most common complication was ileus necessitating
nasogastric tube insertion or use of total parenteral
nutrition (16.19, 5/31) followed by asymptomatic myo-
cardial injury following non-cardiac surgery (9.6%, 3/31).
For the grade =3 complications, two patients developed
right ureteric stricture within the first 90 days requiring
nephrostomy tube insertion, one patient developed
a urine leak requiring percutaneous drain placement,
and one patient required a re-operation secondary to
a small bowel anastomotic leak. Five (16.1%) patients
were readmitted to hospital in the first 90 days. No
mortality was noted in this patient population during
the first 90 days. At 90 days postoperatively, median
days alive and out of hospital for all patients was 83.0
(Q1-Q3 80-85) days.

Of the patients with a positive soft tissue margin
(9.6%, 3/31), two patients had greater than N2 dis-
ease on final pathology. Two patients’ final pathology
showed CIS at the ureter/urethral margin. Median
lymph node count was 7.0 (Q1-Q3 |1-23) nodes
per case. Linear regression did not find any correlation
between case volume and lymph node yield (Figure 3).

DISCUSSION

The learning curve and operative time required for
RARC have been described as major barriers to its
widespread adoption. Herein, we demonstrate that the
learning curve for RARC is minimized with prior high-
volume RARP experience. Operative time, lymph node
count, length of stay, and days alive and out of hospital
at 90 days are comparable between our cohort and
the two landmark surgical trials comparing RARC and
ORC.* Additionally, positive soft tissue margins, as well
as major and minor complication rates were similar
between the first set and last cohorts, and comparable
to modemn estimates of predominately ORC."

The International Robotic Cystectomy Consortium
reported 30 procedures needed to reach an average
operative time of 390 minutes and average lymph node
count of 20.'"° Guru et al suggest that operative time
plateaued after the first 16 cases for extracorporeal
diversion, with a mean operative time of 352 minutes
in their final cohort, although their mean lymph node
count drastically increased from 14 to 23."" Including
both extracorporeal ileal conduit and neobladder, Nix
and colleagues showed a mean operative time of 252
minutes, EBL of 258 mL, and lymph node count of 19
nodes, although prior robotic experience is not speci-
fied and their initial published mean operative time

was 397 minutes, EBL 278 mL, and lymph node count
| 6815 Therefore, their experience likely stemmed from
the first 23 patients, suggesting a minimum of 23 case
experience. Our mean lymph node count was above
the minimum suggested number of 12, and modern
nomograms did not identify any correlation between
lymph node count and cancer-specific survival.''” Our
results demonstrate that we had achieved lower opera-
tive times and similar oncological outcomes to high-
volume RARC centers early in our experience with
the procedure.

Limitations

There are several limitations to our study. Followup
was limited to the first 90-days postoperatively, and
as such, long-term surgical (stoma revision, stricture
formation) and oncological outcomes are not reported.
Furthermore, the retrospective data does not allow us
to control for experimentation in surgical technique
in our early experience. The only change in opera-
tive technique gathered from operative notes was a
switch to intracorporeal conduit for the final case in
the series. Experimentation with technique may explain
why operative time increased in the ileal conduit group.
Sharing of steps with robotic fellows may also contrib-
ute to this operative time. Given that our data derives
from a single surgeon at a single center, it may not
be generalizable to other centers, specifically centers
without similar robotic case volumes per surgeon.
Furthermore, while this is the first Canadian series on
RARC, the sample size is small, limiting the conclu-
sions we can draw from it. Lastly, data regarding cost
analysis and patient-reported quality of life outcomes
were not collected.

CONCLUSIONS

When adopted by a high-volume RARP surgeon, RARC
is feasible and safe, with similar operative and onco-
logical outcomes to high-volume centers, suggesting
there may be less of a learing curve than previously
described in the literature.

COMPETING INTERESTS: The authors do not report any competing
personal or financial interests related to this work.

This paper has been peer-reviewed.

REFERENCES

1. Brenner DR, Poirier A, Woods RR, et al. Projected estimates of cancer in Canada in 2022.
(MAJ 2022;194:E601-7. https://doi.org/10.1503/cma.212097

2. Chang SS, Bochner BH, Chou R, et al. Treatment of non-metastatic muscle-invasive
bladder cancer: AUA/ASCO/ASTRO/SUO guideline. J Urol 2017;198:552-9. https://doi.
0rg/10.1016/j.jur0.2017.04.086

CUAJ « SEPTEMBER 2023 « VOLUME I7,ISSUE 9 E255



Cassim et al

Witjes JA, Bruins HM, Cathomas R, et al. European Association of Urology guidelines on
muscle-invasive and metastatic bladder cancer: Summary of the 2020 guidelines. Fur Urol
2021:79:82-104. https://doi.org/10.1016/j.eurur0.2020.03.055

Catto JWF, Khetrapal P, Ricciardi F, et al. Effect of robot-assisted radical cystectomy

with intracorporeal rinary diversion vs. open radical cystectomy on 90-day morbidity
and mortality among patients with bladder cancer: A randomized clinical trial. JAMA
2022;327:2092-2103. https://doi.org/10.1001 /joma.2022.7393

Parekh DJ, Reis IM, Castle EP, et al. Robot-ussisted radical cystectomy vs. open radical
cystectomy in patients with bladder cancer (RAZOR): An open-label, randomized, phase
3, non-inferiority frial. Lancer 2018;391:2525-36. https://doi.org/10.1016/50140-
6736(18)30996-6

Bochner BH, Dalbagni G, Sjoberg DD, et al. comparing open radical cystectomy and
robot-assisted laparoscopic radical cystectomy: A randomized clinical trial. Eur Urol
2015;67:1042-50. https://doi.org/10.1016/}.eururo.2014.11.043

Khan MS, Gan C, Ahmed K, et al. A Single-center, early-phase, randomized, controlled,
three-arm trial of open, robofic, and laparoscopic radical cystectomy (CORAL). Fur Urol
2016;69:613-21. https://doi.org/10.1016/].eurur0.2015.07.038

Nix 1, Smith A, Kurpad R, et al. Prospective randomized controlled trial of robofic vs.
open radical cystectomy for blodder cancer: Perioperative and pathologic results. Fur Urol
2010;57:196-201. https://doi.org/10.1016/j.eurur0.2009.10.024

Pruthi RS, Smith A, Wallen EM. Evaluating the learning curve for robot-assisted
laparoscopic radical cystectomy. J Endourol 2008;22:2469-74. https://doi.org/10.1089/
end.2008.0320

Hayn MH, Hussain A, Mansour AM, et al. The learning curve of robot-assisted radical
cystectomy: Results from the International Robotic Cystectomy Consortium. Eur Urol
2010;58:197-202. https://doi.org/10.1016/j.eurur0.2010.04.024

E256 CUAJ « SEPTEMBER 2023 « VOLUME |7, ISSUE 9

Guru KA, Perlmutter AE, Butt ZM, et al. The leaming curve for robot-assisted

radical cystectomy. JSLS 2009;13:509-14. https://doi.org/10.4293/10868080
9X12589998404128

Abboudi H, Khan MS, Guru KA, et al. Learning curves for urological procedures: A
systematic review. BJU Int 2014;114:617-29. https;//doi.org/10.1111 /bju.12315

Dindo D, Demartines N, Clavien PA. Classification of surgical complications: A new
proposal with evaluation in a cohort of 6336 patients and results of a survey. Ann Surg
2004;240:205-13. https://doi.org/10.1097,/01.510.0000133083.54934.qe

Maibom SL, Joensen UN, Poulsen AM, et al. Short-term morbidity and mortality following
radical cystectomy: A systematic review. BMJ Open 2021;11:¢043266. https://doi.
0rg/10.1136/bmjopen-2020-043266

Murphy DG, Challacombe BJ, Elhage 0, ef al. Robotic-assisted laparoscopic radical
cystectomy with extracorporeal urinary diversion: Initial experience. Fur Urol 2008;54:570-
80. https://doi.org/10.1016/].urur0.2008.04.011

Jena R, Shrivastova N, Sharma AP, et al. The adequacy of pelvic lymphadenectomy during
radical cystectomy for carcinoma urinary bladder: A narrafive review of literature. Front
Surg 2021:8:687636. htps://doi.org/10.3389/fsurg.2021.687636

Mir MC, Marchioni M, Zargar H, et al. Nomogram predicting bladder cancer-specific
mortality after neoadjuvant chemotherapy and radical cystectomy for muscle-invasive
bladder cancer: Results of an International Consortium. Eur Urol Focus 2021;7:1347-54.
https://doi.org/10.1016/j.euf.2020.07.002

CORRESPONDENCE: Dr. Raees Cassim, Division of Urology,
Department of Surgery, McMaster University, Hamilton, ON, Canada;
raees.cassim@medportal.ca



